Syncope is a prevalent health problem among elderly people. It may be neurally mediated or caused by conditions such as orthostatic hypotension, postprandial hypotension, and cardiac disorders. A combination of different aetiologies is not uncommon in the elderly people. Many pathophysiological processes, including age-related physiological changes, co-morbidities, concomitant medication use, and prolonged bedrest, coexist and predispose elderly people to syncope; advanced age and cardiac syncope are associated with increased mortality. Recurrent syncope and its comorbidities, such as fall-related physical injury, negative psychological impact, and functional decline, may increase the dependency of elderly patients. Furthermore, the overlap between falls and syncope, and the interaction between syncope and Complexity of syncope in elderly people: a comprehensive geriatric approach
Introduction
Syncope is a transient loss of consciousness (LOC) and postural tone resulting from global cerebral hypoperfusion, followed by spontaneous and complete recovery and no neurological sequelae. 1 This pathophysiology distinguishes syncope from other causes of transient LOC, including metabolic disorder, epileptic seizure, and transient ischaemic attack.
Syncope is prevalent in elderly populations. After a peak in younger populations (age, 10-30 years), the incidence of syncope increases sharply from 5.4 events per 1000 person-years in people aged 60 to 69 years to 11.1 events per 1000 personyears in those aged 70 to 79 years, and reaching 19.5 events per 1000 person-years in those aged 80 years or older. 2 The incidence is similar for men and women but tends to increase in women of advanced age. The prevalence of syncope is high for the institutionalised elderly, at 23%. 3 Syncope in elderly patients often presents atypically, such as with falls. Elderly patients may also have difficulty in recalling events. Therefore, the true incidence and prevalence of syncope are expected to be higher than those estimated in some previous studies.
Syncope is typically an isolated disease in young people. However, it is usually multifactorial and associated with many predisposing factors in the elderly people; thus, its management is
Reflex or neurally mediated syncope
Reflex syncope is a heterogeneous group of conditions, including vasovagal syncope, situational syncope, and carotid sinus syndrome, and is the most frequent cause of syncope in the elderly people (44% of cases). 5 In reflex syncope, the cardiovascular reflexes that normally help control the circulation become intermittently inappropriate (eg, inappropriate vasodilation or bradycardia) in response to a trigger (eg, emotion or orthostatic stress).
Vasovagal syncope is the most common form MEDICAL PRACTICE C M E frailty complicate management. Available clinical guidelines for the management of syncope that focus on diagnosis, investigation, and treatment are therefore insufficient to address syncope in elderly patients. A comprehensive geriatric approach that considers an individual's functional and cognitive capacities, as well as medical and psychosocial aspects, would be more appropriate. Situational syncope occurs in conditions that trigger the Valsalva manoeuvre, such as urination, defaecation, coughing, and swallowing.
老年人暈厥的複雜性：綜合性老年人評估方案
Syncope exacerbated by the carotid sinus reflex response is referred to as carotid sinus syndrome (CSS). It is related to underlying carotid sinus hypersensitivity, which is diagnosed when carotid sinus massage (CSM) produces asystole longer than 3 seconds (cardioinhibitory CSS) or a reduction in systolic blood pressure (SBP) by more than 50 mm Hg (vasodepressor CSS). Carotid sinus syndrome typically occurs in adults older than 50 years and is predominant in men. There is usually no identifiable trigger, but CSS may be precipitated by sudden head turning and wearing tight clothing around the neck. 6 Carotid sinus syndrome is regarded as a significant cause of syncope and unexplained falls in the elderly people; as many as 45% of elderly patients presenting with syncope or unexplained falls demonstrate carotid sinus hypersensitivity.
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Orthostatic hypotension
Orthostatic hypotension (OH) is prevalent in elderly people and in those who are frail, affecting up to 18% of people aged 65 years or older 9 and up to 52% of institutionalised elderly patients. 10 It also accounts for 30% of cases of syncope in patients aged 75 years or older. 5 Orthostatic hypotension is defined as a sustained reduction in systolic blood pressure of at least 20 mm Hg or in diastolic blood pressure of 10 mm Hg, within 3 minutes of standing. 11 Because elderly patients may present beyond 3 minutes of standing and OH may not always be reproducible in elderly people, repeated measurement-preferably in the morning-may be required. Among factors that precipitate OH are age-related changes in the blood pressure regulatory mechanism, disease-related autonomic dysfunction, and numerous other factors that decrease cardiac output or total peripheral vascular resistance (Table) . Occurrence of OH is significantly related to the number of co-morbidities and to potentially causative medications. 12, 13 However, supine systolic hypertension is often also present in elderly people with OH and further complicates management of OH.
Postprandial hypotension
Postprandial hypotension (PPH) is also common 14 It is often under-recognised as a potential cause of syncope and is seldom mentioned in published clinical guidelines on syncope. In one study, PPH accounted for 8% of syncopal episodes. 15 Postprandial hypotension is defined as a decline in systolic blood pressure of 20 mm Hg or more, or to lower than 90 mm Hg, within 2 hours of starting a meal. 16 Similar to OH, PPH is more likely to occur in the morning. Consuming a meal that is large or rich in carbohydrates also increases the risk of PPH. The condition is caused by the pooling of blood in the splanchnic vascular bed. Although PPH occurs frequently with OH, the pathophysiological mechanisms of OH and PPH may be different. 17 Postprandial hypotension is more likely to occur if patients have diabetes mellitus, hypertension, or Parkinson's disease, or if they take multiple concurrent medications, particularly diuretics.
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Cardiac syncope
Cardiac syncope accounts for up to 15% of cases of syncope in the elderly people. 5, 20 It is caused by impaired cardiac output due to arrhythmia or structural heart disease in which left ventricular blood flow is obstructed. Arrhythmia-either bradyarrhythmia or tachyarrhythmia-is the most common cause of cardiac syncope. Calcific degenerative aortic stenosis is the most common valvular lesion in the elderly people and also the most common structural cardiovascular cause of syncope. 21 In general, cardiac syncope is associated with a high mortality rate.
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Unexplained syncope
The prevalence of unexplained syncope has decreased as the use of diagnostic techniques, such as the tilt-table test and CSM, has increased. These techniques can identify reflex syncope and CSS in the elderly people. The reported proportion of elderly patients with unexplained syncope decreased from 40% in 1986 22 to 10% in 2006. 5 For elderly patients with syncope in whom the aetiology remains undetermined after extensive evaluation, it is important to look for a cardiac cause. In a study using an implantable loop recorder, arrhythmia accounted for 59% of all recurrences of syncope that would previously have been regarded as unexplained.
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Multiple causes of syncope
There are commonly multiple potential causes of syncope in elderly patients: in 23.5% of those aged 65 or older and in 13.4% of those younger than 65 years. 24 Apart from older age, patients with atrial fibrillation or symptomatic heart failure, or those receiving drug therapy for cardiac conditions are more likely than others to have multiple causes of syncope. The presence of multiple causes also correlates with poor survival.
Multiple risk factors in the elderly people
Maintaining blood pressure at a constant level during a wide range of daily activities or conditions requires an intact cardiovascular system, baroreflex function, autonomic nervous system, and humoural regulatory mechanism. Age-related change in the blood pressure regulatory mechanism increases the susceptibility to syncope in elderly people. Baroreflex sensitivity is blunted by ageing, resulting in reduced heart rate and reduced vasoconstriction response to hypotensive stimuli. 25 Furthermore, elderly people are prone to dehydration and reduced blood volume owing to reduced thirst sensation, reduction in renin-aldosterone activity, and elevation of atrial natriuretic peptide, which decreases the kidneys' capacity to conserve salt and water. 26, 27 The blunted baroreflex response and contracted blood volume, together with age-related diastolic dysfunction, can lead to low cardiac output and thus low cerebral blood flow. The latter predisposes elderly people to syncope under conditions causing hypotensive stress.
Co-morbidities and concomitant medication use can impair the adaptive response to hypotensive stress. Any conditions that contribute to haemodynamic stress or impair the blood pressure regulation mechanism, leading to decreased cardiac output or total peripheral vascular resistance (vasodilation), predispose the elderly people to reflex syncope and OH. Syncope can be induced by acute conditions, such as sepsis, myocardial infarction, cardiac arrhythmia, heart failure, haemorrhage, and dehydration. It can also be induced by chronic conditions such as chronic adrenal suppression from steroid use (which can produce hypovolaemia), as well as untreated or uncontrolled hypertension and coronary heart disease. Untreated or uncontrolled hypertension can increase the risk of OH by reducing baroreflex sensitivity and shifting the threshold for cerebral autoregulation to a higher blood pressure, 28, 29 whereas coronary heart disease is associated with carotid sinus hypersensitivity. 30 In addition, patients presenting with OH may have autonomic insufficiency, which can be secondary to peripheral nervous system diseases, such as diabetes mellitus, alcoholism, chronic kidney disease, vitamin B 12 deficiency, and paraneoplastic disease. Autonomic insufficiency may also be due to central nervous system diseases, such as multiple system atrophy, dementia with Lewy bodies, and Parkinson's disease.
The 31 On the contrary, the reduction or normalisation of blood pressure by antihypertensive agents may even improve OH in elderly patients with hypertension. 32 However, excessive blood pressure reduction and concurrent use of three or more antihypertensive drugs is independently associated with OH. 12, 13 Diuretics, nitrates, antipsychotics, tricyclic antidepressants, and levodopa can also induce OH. Drugs that can induce QT prolongation and torsades de pointes include antiarrhythmics and antipsychotics. 33 Drugs that can cause bradyarrhythmia include amiodarone, beta-blockers, calcium channel blockers, and digoxin. Because of age-related changes in pharmacokinetics and pharmacodynamics, the adverse effects and interactions of these drugs are further exacerbated in the elderly people.
Bedrest is common in patients with acute illness or in those who are frail or chronically ill. After prolonged bedrest, however, elderly patients can develop syncope when sitting up. Prolonged bedrest can cause deconditioning in the musculoskeletal and cardiovascular system, as well as pressure natriuresis, which in turn induces blood volume contraction. These conditions can aggravate OH, syncope, and fall. 34 All of the above pathophysiological processes can act together to impair cardiovascular compensation for haemodynamic stress in elderly people and thereby complicate the management of syncope.
Consequences of syncope
Whether syncope independently increases the risk of overall or cardiac mortality remains controversial. Nonetheless, among patients with syncope, mortality generally tends to increase with advancing age and in those with cardiac syncope and OH. [35] [36] [37] [38] [39] A 2-year study found that the overall mortality rate was 0% in patients aged 65 to 69 years, increasing to 14%, 22%, and 43% in patients aged 70 to 79 years, 80 to 89 years, and ≥90 years, respectively. 37 Syncope of cardiac cause was noted to have higher 5-year mortality (51%) than non-cardiac (30%) or unknowncause (24%) mortality. 38 Orthostatic hypotension is associated with a significantly increased risk of death for patients younger than 65 years (relative risk = 1.78; 95% confidence interval = 1.25-2.52) but not for older patients. 39 Overall prognosis is worse in patients with an underlying cardiac disease such as myocardial infarction, arrhythmia, structural cardiac defect, cardiomyopathy, or congestive heart failure, regardless of the occurrence or aetiology of syncope. 36, 40, 41 The presence of multiple potential causes of syncope also predicts a lower survival rate as compared with a single cause of syncope (73% vs 89% at 4 years). 24 In contrast, patients with non-cardiac co-morbidities or no underlying heart disease are at low risk.
Patients with a history of syncope have an increased risk of recurrence. Patients with syncope have a 20% recurrence rate at 1 year, compared with a 2% rate of syncope in patients without prior syncope. 40 The recurrence rate is even higher in the institutionalised elderly, at 30%. 3 Syncope recurs more frequently in older patients at 2 years, with a rate of 28% in patients aged 65 to 79 years, 37% in those aged 80 to 89 years, and 43% in those older than 90 years. 37 Other factors predicting recurrence include the concurrent use of multiple medications with known adverse effects of OH or syncope and cardiac co-morbidities, particularly atrial fibrillation, atrioventricular or left bundle branch block, or aortic valve stenosis. 42 Recurrence may not be related to the aetiology of syncope, although a higher recurrence in patients affected by reflex and unexplained syncope has been reported. 36 Besides physical injuries and disabilities due to syncope-related falls, depression and fear of falling after syncope may reduce elderly patients' functional capacity and mobility, and can result in institutionalisation. Furthermore, syncope can negatively affect quality of life, 43 particularly in patients who are older, have multiple co-morbidities, and experience recurrent episodes of syncope.
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Syncope and falls
There is an overlap between syncope and falls in the elderly people; syncope causes falls and some falls are due to syncope. Although taking an accurate history of an event allows the differentiation between syncope and fall, the history is often unreliable in the elderly people because of poor recall and lack of witnesses. Many elderly patients will only recall the fall but not realise they fainted; amnesia is common (up to 42%) for witnessed syncope, even in cognitively normal elderly patients. [6] [7] [8] 45 This is particularly the case for CSS: in one study, 21% of patients with CSS presented with falls alone and 27% failed to recall the syncope event. 6 Furthermore, frequently reported reasons for falls in the elderly people, such as muscle weakness, arthritis, gait and balance problems, visual impairment, functional decline, depression, cognitive impairment, polypharmacy, and environmental factors, 46 ,47 may distract clinicians from searching for syncope.
Nonetheless, multiple co-morbidities and polypharmacy associated with advancing age predispose elderly people to both falls and syncope. Moderate haemodynamic changes that are insufficient to cause syncope may cause falls in elderly patients with gait balance instability or slow protective reflexes. 48 Such falls may be indistinguishable from syncope in elderly patients. Considering that syncope may be a component of fall in elderly patients, especially in those with unwitnessed or recurrent unexplained fall, assessment of cardiovascular status and postural blood pressure, as well as further investigation for accurate diagnosis and treatment, are recommended.
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Syncope and frailty
Frailty that leads to diminished functional reserve and adverse health outcomes is defined as the presence of three of more of the following criteria: unintentional weight loss (10 lbs [~4.5 kg] in the past year), selfreported exhaustion, weakness (grip strength), slow walking speed, and low physical activity. 49 The relationship between frailty and syncope is not well described in the literature. However, there is an interaction between ageing, co-morbidities, and the development of frailty (Fig 1) . Co-morbidities are common among the elderly people. As many as 82% of people aged 65 years or older have one or more chronic conditions. 50 Advancing age and comorbidities, in turn, increase the likelihood of being frail. Conversely, frail people are likely to have more co-morbidities. 51 Age-related physiological changes and co-morbidities also increase the risk of syncope and falls. Thus, an episode of syncope with a fall may act as an acute stressor in the elderly people. The decreased physiological reserve in frail elderly patients inhibits their response to acute stressors. This inhibited response leads to rapid functional decline and results in hospitalisation, dependency, and institutionalisation (Fig 1) .
Comprehensive geriatric approach
According to clinical guidelines, 1, 52 initial evaluation for syncope starts with careful recording of the patient's history, physical examination (including orthostatic blood pressure measurement), and electrocardiography (ECG). On the basis of these findings, additional examinations such as Holter monitoring, CSM, tilt-table test, echocardiography, and blood tests may be performed. The purpose of the initial evaluation is to differentiate syncopal from non-syncopal conditions, to determine the cause of syncope, and to stratify the risk of major cardiovascular events or death. Predictors of high cardiovascular risk are the presence of structural heart disease or coronary artery disease (eg, heart failure, low left ventricular ejection fraction, and previous myocardial infarction), palpitation before syncope, syncope during exertion or in the supine position, and ECG features suggesting arrhythmic disturbance. Initial evaluations can identify a certain or highly likely cause of syncope in 63% of patients. 53 If the cause remains uncertain, further investigation is indicated. The subsequent tests are based on the findings of the initial evaluation and suspected aetiology: tilt-table test for reflex syncope or OH; CSM for elderly people with unexplained falls; Holter monitoring or external/ implantable loop recording to detect arrhythmia in recurrent unpredictable syncope; echocardiography for structural heart disease and cardiac function, especially in the presence of abnormal findings of ECG or cardiovascular examination or suspicion from history; or neurological evaluation for autonomic failure or neurological conditions that are difficult to differentiate from syncope. Treatment depends on the underlying causes and usually includes the following:
• Patient education to avoid triggers (prolonged standing or extreme environments), to recognise prodromal symptoms, and to perform manoeuvres to abort episodes of syncope • Review and adjustment of the patient's medication • Non-pharmacotherapies for OH, including increasing fluid and salt intake, eating frequent small meals and low-carbohydrate meals, raising the head of the bed when sleeping, slowly rising from the supine position, wearing compression stockings or an abdominal binder (compression belt), and exercising • Pharmacotherapies for OH, including fludrocortisone, midodrine, and octreotide • Cardiac interventions for cardiac syncope or CSS with cardioinhibitory response, including cardiac pacing or an implantable cardiac defibrillator However, as outlined in this article, syncope in elderly people has certain complexities-namely, (1) there is a marked overlap between syncope, fall, and dizzy spell, and atypical presentations make diagnosis difficult; (2) the syncope event is often multifactorial, with many predisposing factors; and (3) management is often complicated by underlying co-morbidities, concomitant medication use, cognitive and functional decline, and declined psychosocial support. Therefore, the above standard structural approach is insufficient to address syncope in elderly patients. Comprehensive geriatric assessment, "a multidimensional interdisciplinary diagnostic process focused on determining a frail elderly person's medical, psychological and functional capacity in order to develop a coordinated and integrated plan for treatment and long term follow up", is recommended. 54 This comprehensive approach is both a diagnostic and a therapeutic process and involves a multidisciplinary team (physician, nurse, physiotherapist, occupational therapist, and social worker) with the collective goal of improving care outcomes and quality of life for elderly people. When an elderly patient is referred for syncope, an unexplained fall, or dizziness, comprehensive geriatric assessment is applied to obtain a thorough history and physical examination, together with assessments for co-morbidities, frailty, cognitive and functional status, psychological and social variables, and medication review (Fig 2) . After extensive evaluation, a problem list is generated with details of the identified syncope event and its cause or predisposing factors, whether the patient is at high risk of cardiovascular event or death, and any cognitive or functional impairments or psychosocial problems. Then, multidisciplinary interventions are integrated with the patient's or caregiver's preferences, so as to conserve the patient's health status, improve psychosocial support, and maintain the patient's independence and community living situation. The following should be considered in the management of syncope:
• Because of the overlap between syncope and falls, comprehensive geriatric assessment for syncope should be applied to include elderly people with falls, especially unexplained falls.
• Although the tilt-table test and CSM are regarded as safe in elderly people, the patient's tolerance to such tests should be considered, especially in frail patients.
• The extent of investigations depends on the patient's risk of cardiovascular events or death, and the severity of the symptoms and the frequency of recurrence. For example, for patients with a single episode who are at low risk of cardiac syncope, a test to confirm reflex syncope may be unnecessary.
• Stepped management starts with nonpharmacotherapy (such as education, medication adjustment, and physical manoeuvres), then pharmacotherapy if the patient's condition does not improve. An example of comprehensive geriatric assessment for elderly people referred for syncope is presented in the following case scenario. A 75-yearold woman was admitted to hospital after an episode of transient LOC. She reported walking down the street then feeling dizzy, passing out, and falling on the ground. There were no eyewitnesses. The patient recovered spontaneously but could not recall the duration of LOC. She denied any preceding events such as palpitation or chest discomfort, except dizziness. The patient reported having experienced similar episodes twice in the previous 2 years, once while standing and once while walking. Her medical history included hypertension, type 2 diabetes mellitus, ischaemic heart disease, and knee osteoarthritis, for which she was taking ramipril, metformin, metoprolol, amlodipine, isosorbide mononitrate, and amitriptyline. The patient lived alone, walked unaided, and went out shopping daily. She expressed concerned about recurrent dizziness and falls, which had restrained her social activities. Physical examination revealed postural blood pressure drop from 110/60 to 90/50 mm Hg within 3 minutes of standing, normal heart sound, varus deformities in both knees due to osteoarthritis, and lower-limb weakness with muscle power grade 4/5. 
Conclusions
In younger patients, vasovagal syncope is the predominant aetiology of syncope. In contrast, CSS, OH, PPH, and cardiac syncope become more prevalent with advancing age. Multiple aetiologies are frequently observed in elderly patients. Interactions among age-related physiological changes, comorbidities, and concomitant medication use impair haemodynamic homeostasis and predispose elderly people to syncope. These factors, together with cognitive impairment, functional decline, and frailty associated with advanced age, make the management of syncope in elderly patients complex. Structured clinical guidelines are insufficient to manage syncope in elderly patients. Use of a comprehensive geriatric approach to integrate an individual's co-morbidities, cognitive and functional capacities, and medical and psychosocial aspects is more appropriate and beneficial for elderly patients so as to maintain functional state and quality of life.
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